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Overview of Today’s Presentations
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Goal: better 
fuels and better 

vehicles
sooner

Fuel and Engine 
Co-Optimization

o What fuel properties maximize 
engine performance?

o How do engine parameters affect 
efficiency?

o What fuel and engine 
combinations are sustainable, 
affordable, and scalable?



Two Parallel R&D Projects
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Light-Duty Medium/Heavy-Duty

Boosted SI Mixing Controlled Kinetically ControlledMulti-mode SI/ACI

Near-term Near-termMid-term Longer-term

Higher efficiency via 
downsizing

Even higher efficiency 
over drive cycle

Improved engine 
emissions

Highest efficiency and 
emissions performance



High-level goals and outcomes
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Co-Optima Team
Nine national labs, 

13 universities

> 100 researchers, 
> 75 projects

External Advisory Board

77 stakeholder organizations

Budget: FY16: $26M
FY17: $24.5

Universities: $7M/3 years 7



Approach
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Objective: identify fuel 
properties that optimize engine 
performance, independent of 

composition,* allowing the 
market to define the best 

means to blend and provide 
these fuels

* We are not going to recommend that 
any specific blendstocks be included in 

future fuels



Research Approach to Maximizing Bioblendstock Value
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Foundational Technical Questions
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Question 1: What fuels do engines really want?
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Approach:

Conduct engine experiments 
and simulations that 

delineate fuel property 
impacts on engine 

performance

Focus: boosted SI engines



Fuel Properties Impacting Boosted SI Efficiency
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Foundational Technical Questions
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Fuel-Property Based Approach
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Current Boosted SI Blendstock Evaluation
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Tool Highlight: Feature Creature
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Question: How do you make a given blendstock from biomass?

Approach:
• Retrosynthetic analysis: reverse engineering 

process to synthesize a desired product
- 1st systematic fuel property-based approach

• Identified one or more biochemical and 
thermochemical pathways for more than 40 
high-potential blendstocks

• Provides basis to evaluate conversion 
pathways, identify gaps, and inform analysis 
efforts

• Provides pathways for evaluation, and basis 
for determining whether additional pathway 
development is necessary 



Tool Highlight: Retrosynth
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Question: How do you make a given
blendstock from biomass?

Approach:
• Retrosynthetic analysis: reverse engineer 

process to synthesize a desired product
- 1st systematic property-based approach

• Have identified one or more biochemical 
and thermochemical pathways for more 
than 40 high-potential blendstocks

• Provides basis to evaluate conversion 
pathways, identify gaps, & inform analysis

• Provides pathways for evaluation, and basis 
for determining whether additional pathway 
development is necessary



Understanding Blending Effects

• Many blendstocks exhibit beneficial non-
linear blending behavior

o “Effective” blending number is 
higher than pure component’s

• Value proposition:

o Determine molecular basis for non-
linear RON and S blending 

o Identify bioblendstocks with greatest 
potential to impart advantageous 
properties
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Bioblendstocks – RON Blending Behavior
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• Comprehensive blending studies in gasoline surrogate w/ and w/o ethanol
• Non-linear blending is norm

o May be either synergistic (furans) or antagonistic (esters)



Ester Sensitivity Enhanced with Ethanol
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• Esters are high-RON, low S 
blendstocks 

• Esters blended into E0 impart no 
octane sensitivity

• Blending into E10 “turns on” S

• Value proposition:

o Identify mechanism behind 
ethanol enhancement 

o Identify bioblendstocks that 
synergistically blend with 
ethanol to yield high S



Furans as Gasoline Blending Components
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Furans as Gasoline Blending Components
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Furan Oxidation Pathways Identified
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Furan Oxidation Pathways Identified
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Identifying Suitable HD Diesel Bioblendstocks
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Predicting Soot to Guide Bioblendstock Identification
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Predicting Soot to Guide Bioblendstock Identification
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Foundational Technical Questions
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The Role of Analysis in Co-Optima
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Goal: Identify Key Bioblendstock Research Challenges
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Summary
• Co-Optima research and analysis have 

identified fuel properties that enable 
advanced LD and HD engines

• There are a large number of blendstocks 
readily derived from biomass that possess 
beneficial properties

• Key research needs have been identified 
for performance, technology, economic, 
and environmental metrics
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Thank You!
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